Introduction
Even though colorectal cancer (CRC) is the third-most prevalent type of cancer in the world today, its etiology remains largely unknown. The increasing incidence of CRC has been associated with ageing populations in many countries and changes in life style related to both sedentarism and processed food intake 1, 2 .
Obesity is known to be associated with increased risk of cancer in several organs, including the colorectum, through hyperinsulinemia acting directly on the insulin receptors in preneoplastic cells, thereby inducing cell growth. Insulin resistance secondary to hyperinsulinemia generates chronic subclinical inflammation and leads to increased levels of interleukins, prostaglandins and certain cytokines 3, 4 .
Experimental studies suggest that CRC is strongly influenced by dietary factors. Thus, ingestion of a fiber and folaterich diet has been shown to reduce the risk of CRC. Calcium has a protective effect as it acts directly on the epithelial colon cells reducing proliferation and inhibiting carcinogenesis 5, 6 .
Dietary fat makes up around 40% of all ingested calories in countries with high incidence of CRC. This is twice the proportion (15-20%) observed in regions with low incidence of CRC. In fact, there is evidence of a relation between fatty diets and CRC, although the correlation appears to be dependent not only on amount, but also on fatty acid composition 7 .
Research has shown that ω-3 fatty acids, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), play a protective role in the development of colorectal cancer and display antiinflammatory activity 8, 9 , while ω-6 fatty acids promote carcinogenesis. There is also evidence that ω-3 fatty acids can modulate the formation of eicosanoids and influence the . PPAR-γ activation induced by diets rich in mono and polyunsaturated fatty acids increases sensitivity to insulin and reduces manifestations of the metabolic syndrome 11 .
Aberrant crypt foci (ACF), first described by Bird
12
, is one of the earliest precursors of colorectal adenomas and cancer in humans [12] [13] [14] . In fact, ACF may be observed in the colonic mucosa as early as 2-4 weeks after being induced dose-dependently by specific carcinogenic agents. The increase over time in ACF size and multiplicity is predictive of tumor outcome 15 .
Thus, the purpose of the present study was to evaluate the effect of a hypercaloric and hyperlipidic diet enriched with polyunsaturated fat (ω-3 and ω-9) on azoxymethane-induced formation of ACF in rat colonic mucosa.
Methods
The study was previously approved by the Federal The animals were assigned at random to 4 groups of 9 rats each and fed with one of two diets: a standard diet (STD) (Biobase Carcinogenesis was induced by intraperitoneal (i.p.) administration of two consecutive doses of 15mg/Kg azoxymethane one week apart 12, 13 . 
Surgical procedure and euthanasia
Fifteen weeks after the first dose of AOM, the animals were anesthetized with 80 mg/Kg ketamine and 8 mg/Kg xylazine i.p., placed in dorsal decubitus in preparation for surgery and submitted to laparotomy by xypho-pubic median incision and exposure of the peritoneal cavity for protocolectomy. The excised specimens were measured, weighed, opened longitudinally opposite the mesocolon, washed with SS, laid out on kraft filter paper, rolled up along the axis and immersed in a 10% formaldehyde solution for fixation. Subsequently, the animals were euthanized by hypovolemic shock by sectioning the abdominal aorta.
The colon was then divided into three segments of equal size (distal, middle and proximal) and stained with 0.1% methylene blue in phosphate buffered saline for one minute 12 . Following
Bird's method, the ACF were counted by the same researcher using a stereo microscope (DF Vasconcellos M90, Vasconcellos S.A.) at 40x.
Statistical analysis
Analyses were carried out with the software SPSS v. 16 The level of statistical significance was set at p<0.05.
Results
The groups were compared with regard to weight, macroscopic aspects and microscopic findings (number and multiplicity of ACF).
Weight distribution
The average weight was not significantly different between Groups I and II (p=0.711) or between Groups III and IV (p=0.417) at baseline. However, by the end of the experiment the average weight was greater in Group II than in Group I (p=0.000) and greater in Group IV than in Group III (p=0.028) ( Table 4) . 
Stereomicroscopic findings

Aberrant crypt foci
Significant differences in ACF total numbers were observed for Group III between the proximal and the middle segment (p=0.000), between the proximal and the distal segment (p=0.006) and between the middle and the distal segment (p=0.048). Likewise, significant differences were found for Group IV between the proximal and the middle segment (p=0.000) and between the proximal and the distal segment (p=0.000) ( Table 5) .
Groups III and IV did not differ significantly with regard to the total number of ACF in the entire specimen (p=0.933) ( Table 6 ). 
ACF multiplicity in groups treated with AOM
Groups III and IV did not differ significantly with regard to the total number of ACF with ≤4 crypts, but differed with regard to the total number of ACF with ≥5 crypts (p=0.043) ( Table 7) .
Average weight (g) ± SD (Tables 1 and 3 ). The animals in Group II and IV were fed a hyperlipidic and hypercaloric diet (4, 250 kcal/kg) rich in polyunsaturated fat (ω-9:ω-6 = 1.5:1; ω-6:ω-3 = 3:1; polyunsaturated/saturated fat = 7.6:1) enriched with fibers, minerals and vitamins (Tables 2 and 3 ).
The hyperlipidic and hypercaloric diet used in this study resembles the Mediterranean diet (rich in -3 fatty acids, >50% ω-9 fatty acids, low in saturated fat) which is known to be toxin-free and protective against cardiovascular disorders [20] [21] [22] . Similar diets have been shown to influence colorectal carcinogenesis [23] [24] [25] . The present study tested the ability of a hyperlipidic and hypercaloric diet to inhibit the development of ACF in the colonic mucosa of rats treated with AOM.
The study diet (FED) contained >50% ω-9 fatty acids (Table 3) . Diets of this type tend to reduce oxidative stress, because oleic acid (which has only one double carbon bond) produces less reactive oxygen species when oxidated 26 .
The ω-9:-6 ratio was 1.5:1 for FED and 0.4:1 for STD (Table 3) . This probably contributed to reducing inflammation, and thereby carcinogenesis, in the colonic mucosa of rats treated with AOM.
The diets used in the study produced no clinical impact, .
In our study, Groups III and IV did not differ significantly with regard to ACF multiplicity when foci with ≤4 crypts were considered for the entire colonic mucosa. However, foci with ≥5
crypts were proportionally more prevalent in Group III than in Group IV (p=0.043) ( Table 7) , suggesting the study diet (FED) was protective against carcinogenesis.
Diets enriched with ω-3 fatty acids (α-linolenic acid, EPA and DHA-polyunsaturated fats with antiinflammatory and immunoregulatory action) suppress the Akt/mTOR and NFκB pathways and prevent tumor cell proliferation. In addition, oxidated EPA (a PPAR-γ agonist) plays an important role in apoptosis 30 .
Omega 3 and 6 fatty acids have been shown to have opposite regulatory effects on k-ras 31 , Bcl-2 32 and Bax 33 (proteins involved in the regulation of cell proliferation and apoptosis) and to influence induced NOS activity 10 . iNOS is positively correlated with COX-2 expression and angiogenesis 34, 35 . iNOS activity with excessive nitric oxide production can also inhibit the activity of DNA repair enzymes and modulate the activity of caspases and p53 36 . DHA can reduce the expression of iNOS in vitro 37 . Most researchers have used ω-3 extracted from fish. In this study vegetable α-linolenic acid was used as the principal source.
Shirtiliff and Bird suggested that foci with a greater number of crypts are at higher risk of becoming neoplastic as they Effect of a hyperlipidic diet rich in omegas 3, 6 and 9 on aberrant crypt formation in rat colonic mucosa reflect the proliferation process of early lesions 38 . If so, the number of crypts per ACF may be a relatively precise indicator of the risk of tumor development 39, 40 .
The present study shows that, in spite of the weight gain observed, the study diet (FED) did not interfere in the development and proliferation of ACF in the entire colonic mucosa, but it significantly inhibited the development of foci with 5 or more crypts, suggesting a protective effect against the development of neoplastic cells.
Conclusion
The administration of a diet enriched with polyunsaturated ω-3 and -9 fatty acids did not interfere with the generation of AFC but reduced ACF multiplicity, producing an attenuating-thus beneficial-effect on colorectal carcinogenesis.
